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Optical fiber strain sensors embedded within load-
bearing cables may pose an effective and inexpensive approach 
to extending the service life and load capacity of such 
cables. Currently cables must be replaced according to a 
conservative schedule based on mean-time-before-failure 
statistics in order to prevent failure of the cable. Real-
time, in-service measurement of cable mechanical parameters 
by optical fiber sensors may prevent premature and expensive 
retirement of cables, and will minimize exposure of personnel 
to catastrophic cable failure. Also, the cable may be rated 
for greater load capacities, since active monitoring means 
that conservative rating is not necessary. 
Sensors utilizing optical fiber technology have been 
extensively researched for over fifteen years. The resulting 
sensors can be configured to measure a variety of parameters, 
including mechanical strain, vibration, acoustic fields, 
magnetic fields, rotation rates, refractive index, and 
displacement. Advantages of optical fiber sensors over 
other conventional techniques are high sensitivity, low 
weight, small diameters, and immunity to EMI and EMP. Optical 
fiber sensors specifically optimized for the measurement of 
mechanical parameters when embedded in various host material 
have been under development for over ten years. Due to low 
costs from the extensive use of optical fiber technology by 
the telecommunications industry, optical fiber sensors can be 
made relatively inexpensively. 
EXTRINSIC FABRY-PEROT INTERFEROMETRIC STRAIN SENSOR 
An extrinsic Fabry-Perot interferometer (EFPI), a 
fiberoptic strain sensor developed at Virginia Tech, was used 
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to measure strain in a stranded wire rope [1,2]. In the 
extrinsic Fabry-Perot interferometer (EFPI) sensor shown in 
Figure 1, a single mode fiber (Ao = 1300 nm), used as the 
input/output fiber, and a multimode fiber, used purely as a 
reflector, form an air gap that acts as a low-finesse Fabry-
Perot cavity. The Fresnel reflection from the glass/air 
interface at the front of the air gap (reference reflection) 
and the reflection from the air/glass interface at the far 
end of the air gap (sensing reflection) interfere in the 
input/output fiber. Although multiple reflections occur 
within the air gap, the effect of reflections subsequent to 
the ones mentioned above can be shown to be negligible. As 
the sensor is strained, the silica tube and hence the air gap 
changes in length, which causes a change in the phase 
difference between the reference reflection and the sensing 
reflection. This changes the intensity of the light monitored 
at the output arm of a coupler. 
The output of the EFPI sensor can be evaluated in terms 
of a plane-wave approximation. The observed intensity at the 
detector is a superposition of the reflections and can be 
shown to be [3] 
(1) 
which can be rewritten as 
Idel = A 2 [1 + 2t a cos (41tS) + ( ta ) 2] , 
a + 2s tan [sin -l(NA)] f... a + 2s tan [sin -1(NA)] (2) 
where we have assumed that <1>1 = 0 and <1>2 = 2s (21t!f...), and f... is the 
wavelength of operation in free space . In Equations (1) and 
(2), Ui (x, z, t) represents the complex amplitude of the 
interfering electromagnetic waves, a is the fiber co re 
radius, t is the transmission coefficient of the air-glass 
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Figure 1. Extrinsic Fabry-Perot sensor configuration. 
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interface (= 0.98), s is the end separation and NA is the 
numerical apert ure of the single-mode fiber, given by 
NA = (n12 - n 22)1/2. The terms n 1 and n2 are the refractive 
indices of the co re and the cladding, respectively. For a 
strain sensor, it is useful to plot the detected intensity 
versus gap-separation s, as shown in Figure 2. Thus, like 
the elliptical-core sensor, the Fabry-Perot has a sinusoidal 
response to a linear strain field. 
These sensors typically exhibit a 30 dB signal-to-noise (SNR) 
ratio, which for 1300 nm operation means that an air gap 
elongation of roughly 4.6 nm is resolvable. Using 4 mm as 
the nominal gage length, the 30 dB SNR also implies a 1.1 
microstrain resolution limit. Notice that for longer gage 
lengths, the resolution improves while for smaller gage 
lengths the resolution degrades. Thus there is a tradeoff in 
resolution by forcing the inherent integrating nature of the 
sensor to behave in a point-wise fashion. The sensitivity of 
the EFPI is = 5.6°/~-cm, which is independent of the gage 
length. 
EXPERIMENTAL TESTS AND RESULTS 
To demonstrate the use of optical fiber sensors for 
measurement of strain in a cable, we use a two-part epoxy to 
attach an EFPI sensor to a 3/8th inch diameter steel wire 
rope along one of the twisted strands. The wire rope was 
approximately 12 cm lang with two 12 cm loops on each end. 
We then gradually applied a load up to approximately 15 kN in 
order to longitudinally strain the rope. The longitudinal 
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Figure 2. Variation of output intensity y (in arbitrary 
units) with changes in gap separation s (in ~m) . 
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Figure 3. Fiber strain gage response. 
strairi was achieved in a load frame that allowed us to 
monitor the maximum load applied to the specimen. Figure 3 
shows the sensor response when ramped to the maximum and then 
held so we could monitor the creep. The peak occurs at the 
righthand discontinuity with a small amount of creep causing 
the decaying nature to the right of the peak. Figure 4 is a 
closeup of the maximum load region to show the effects of 
releasing the load and letting the rope relax. The 
oscillations at the top of the plot are most likely due to 
twisting of the rope during relaxation. Bearing in mind that 
these are preliminary test cases, we have demonstrated a 
sensor that is capable of resolving strain in a wire rope . 
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Figure 4.Fiber strain gage response over maximum load. 
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